except the saphenous, in the cat; (a) when the nerves were cooled to 1°C.; (b) when the nerves were cut and recently regenerated; (c) when mechanical stimuli were applied to muscles; (d) when the electrical stimuli were weak; and (e) when the nerves were subjected to repeated stimulation over a long period. His experiments were recently repeated by Vincent and Cameron (6) .who obtained similar results. They attribute a part of the fall in blood pressure to the respiratory movements. A simple inductorium was used in these experiments and the strength of the stimulus was increased or decreased by increasing or+ decreasing the number of cells in the primary circuit.
A fall in blood pressure was noted by Martin and Lacey (7) in all the' experiments performed, except one. The success in obtaining depressor responses, they attributed to the use of weak or threshold currents.
Stimuli applied peripherally to severed nerves arouse the one or the other vasomotor response according to the rate of interruption of the stimulating current. Ostraumoff (8) observed that when the rate of stimulation was slow there resulted a rise in the temperature of the limb (vasodilation) but when rapid there was observed a fall iti temperature (vasoconstriction).
Similar results were observed by Kendall and Lucksinger (9). Bowditch and Warren (10) plethysmographed the limb and observed that a slow rate 1 to 4 stimuli per second was favorable to vasodilation and 30 to 64 stimuli per second favorable in producing vasoconstriction.
Bradford (11) remarked similar results upon the vasomotor nerves to the kidney.
Since different rates of peripheral stimuli are favorable for isolating the different vasomotor responses, is it not possible that such changes could be effected reflexly? Few investigators applied different rates of stimuli centrally to sensory nerves when testing vasomotor reflexes. Hunt (5) is, as far as I know, the only investigator employing different rates who states the resultant responses. He employed rates varying from 1 per two seconds to 60 per second. In his research, the rate of stimulation did not alter the character of the vasomotor response. Martin and Lacey (7) tried rates of stimuli varying from 2 to 8 per second with one form of apparatus and from 4 to 60 per second with another.
They, however, do not state which of these rates was commonly employed, nor do they state the effects observed upon changitig the rate.
This research was undertaken to determine (a) whether or not the rate of stimulation has an effect upon the reflex vasomotor mechanism; (b) whether or not the marked uniformity in the depressor effects observed by Martin and Lacey (7) may be due not only to the fact that they employed weak or threshold currents but also that they employed slower rates than did previous investigators.
THE METHOD
Cats, narcotized with urethane (2 grams per kilo, by stomach), were used in these experiments.
A few experiments were also performed upon cats under ether anaesthesia. The skin was incised on the median line of the neck, and the animal tracheotomized.
The blood pressure was registered usually from the right carotid but in a few cases from the femoral artery by means of a mercury manometer.
A signal magnet, which marked intervals of five seconds, was placed at the atmospheric pressure line of the manometer.
It also indicated in most cases the time of stimulation.
For sensory stimulation the saphenous, peroneal, ulnar, radial, median and popliteal nerves were used. By making a small slit through the skin, at the position of the nerve, the nerve was isolated, cut, and the central end fastened in a Sherrington (12) shielded electrode. The electrode was then held in place by fastening around it, with paper clips, the two flaps of skin. The nerves were always used for stimulation in the order named above.
THE
STIMULATING CURRENT I. The strength. The strength of the stimulating current was usually 0.1 ampere in the primary circuit, and the strength of the secondary current was determined in Z units according to the Martin (13) method.
In a few cases 1.0 ampere in the primary circuit was used. Since the electrodes were not altered after once in place and comparative results were desired this method was thought to be s&i-ciently accurate. Tissue resistance and fl units were, therefore, ignored.
9. The rate. A glass knife blade key (13) moved back and forth by a motor, made and broke the primary circuit uniformly one to twenty times per second. A slower rate 1 per two seconds was obtained by interrupting the current by hand with the same key. No attempt was made to short circuit the make shock. This alternating effect was thought to overcome any polarization which might take place in the nerve trunk at the point of stimulation.
RESULTS
For convenience, the results are collected under three general heads according to the strength of the stimulus used. In table 1 the strength of stirqulus is weak, it is about the same as that employed by Martin and Lacey (7) In this and following tables -fall in blood pressure; + rise in blood pressure; -+ fall followed by a rise; + -rise followed by a fall; 0 no change.
In table 1,45 serial readings were made upon 16 animals. In this series of experiments at 4 interruptions per second 100 per cent of the experiments gave a pure fall in arterial pressure. This per cent was decreased to 25 upon changing the rate of stimulation from 4 to 20 interruptions per second. Usually the fall produced by 20 interruptions per second was less than that at 4 per second. With 20 interruptions per second 33 per cent of the experiments presented a pure rise in blood pressure and 40 per cent of the experiments showed a fall either preceded or followed by .a rise in arterial pressure (see table 1 ).
The data, 51 serial readings, in table 2 were collected from 21 animals. There is in this table a greater range in strengths of stimuli, than in table 1, 32 to 224 Z units. However, the reactions areGmilar.
With a rate of interruption of 4 per second 90 per cent of the readings gave a pure fall, 6 per cent a fall followed by a rise and 4 per cent a pure rise in arterial pressure. With 20 interruptions per second 21 per cent of the readings presented a fall, 24 per cent a fall followed by a rise and 55 per cent of the readings gave a pure rise in blood pressure (see table 2 ).
Slower rates were employed in table 3. In most instances 1 per second was employed for the slowest rate in the series but occasionally 1 per two seconds was used. With this rate of stimulation 93 per cent of the readings presented a fall, 5 per cent a fall followed by a rise and 2 per cent a rise in arterial pressure, with the rapid rate of interruptions-20 per second-only 2 per cent gave a fall in blood pressure; 11 per cent of the readings presented a fall followed by a rise, 11 per cent a rise followed by a fall and 76 per cent a pure rise in blood pressure (see table 3 per cent. At (2) the rate of stimulation was 20 stimuli per second and the blood pressure rose from 115 to 127 mm. of mercury-a rise of 10.4 per cent. Similar results were obtained upon other animals not only with moderately weak currents but also with threshold currents and with stimuli up to 283 Z units.
A reversal of the blood pressure is not always obtained upon increasing the rate of interruption but a fall produced by a rapid rate is usually less than that brought about by a slower rate of stimulation. Figure  3 is a curve obtained by stimulating the ulnar nerve with a strength of stimulus of 88 2 units. At (1) the rate of stimulation was 4 per second and there resulted a fall of blood pressure from 116 to 102 mm. of mercury-a drop of 12 per cent. Twenty interruptions per second were used in (9) and there resulted a fall of 2 mm. of mercurya drop of about 2 per cent. Seven interruptions per second were used in (5) and 4 interruptions in (4). In the former case there resulted a fall of 4 per cent and in the latter a fall of 8.5 per cent. Figure 4 is another type record obtained upon stimulating the peroneal nerve with a strength of stimulus of 32 Z units. At (1) the rate of stimulation was 7 per second and a fall in blood pressure is observed. In ,this curve as in other curves in which the rate of the stimulus was favorable to dilation, the pressure falls and rises slowly. When the rate is faster the curve falls abruptly and ascends rapidly and may reach the normal level before the stimulus has ceased. At (12) the rate of stimulation was 20 per second and there is seen a slight fall in blood pressure followed by a rise. l'his type of curve was frequently observed when the stimulus was weak or mo&rately strong. As the currents became stronger the curves were usually the reverse, that is, a rise was usually followed by a fall in blood pressure. Hunt (5) summarizes his results on changes in the rate of stimulation upon the vasomotor center as follows, "Only a rise in pressure resulted, the character of which was determined by the number and strength of the stimuli; the rise was very gradual with slow weak stimulation, but took place much more suddenly with stronger and more rapid stimulation." The results obtained in figure 6 are slightly different from those observed by Hunt.
The strength of stimulus applied to the peroneal nerve was 494 2 units. At (I) the rate of stimulation was 1 per second causing a fall of 11.3 per cent. At (2) the rate was 4 per second from which there resulted a rise of 7.1 per cent. At (S) the rate of stimulation was 8 per second 'producing a rise in arterial pressure of 11.2 per cent. A rise of 20 per cent was observed when the rate of stimulation was 16 per second (at .J) and a rise of 28 per cent was obtained when the rate of stimulation was 20 per second (at 6). In a number of experiments a current of 650 Z units slowly interrupted (1 per second) gave a fall in pressure, whereas 4 per second produced a rise. In only two instances stronger currents were employed. In these cases I ampere was used in the primary circuit. One animal, on November 23, from which figure 7 is taken 2244 Z units produced a fall of 6 per cent when the rate of interruption was 1 per two seconds (at 1) and a rise of 33 per cent when the rate of interruption was 4 per second (at 2). A rise of 7 per cent in blood pressure was obtained on this same popliteal nerve, when the rate of interruption was 10 per second and the strength of stimulus was 244 Z units. Using the peroneal nerve of the same animal 8891 Z units interrupted at the rate of 1 per two seconds produced a fall of 5 per cent, and a rate of interruption of the stimulating current-20 times per second-produced a rise of 28 per cent. On November 26, similar results were obtained; 17 Z units at 20 interruptions per second produced a rise in blood pressure. The current was then increased in strength to 6643 Z units with a rate of 1 per two seconds a fall of 5 per cent resulted, when the current was 4 per second, a rise of 7 per cent was observed.
DISCUSSION
From the above data it is shown conclusively that not only the strength but also the rate of stimulation is important in bringing about reflex vasodilator and reflex vasoconstrictor changes. With the same strength of stimulus pressor and depressor results are obtainable by varying the rate of stimulation from 1 to 20 stimuli per second. A rapid rate of stimulation which usually brings about vasoconstriction occasionally produces a fall in blood pressure, but this fall is almost always less than that produced by a slower rate of interruption. With a slow rate, 4 per second, depressor (reflex vasodilator) responses, and with a rapid rate, 20 per second, pressor responses have been observed with 5.8 Z units.
Upon increasing this current to 383 Z units or seventy times 5.8 Z units these same phenomena have been observed. Upon increasing the current to 494 Z units upually the rate of 4 per second produced a rise in pressure but a slower rate 1 per second or 1 per two seconds produced a fall. Not only was it possible to bring about a fall in blood pressure with 1 per two second stimulation with 494 Z units, but the strength of stimulus could be increased to 6643 Z units and still a fall was observed. This current was 390 times stronger than the current necessary to produce a rise in blood pressure when interrupted 20 times per second. That summation does take place with rapid rates of stimulation is undisputable, but it does not seem probable in this case where the strength is more than 400 times threshold that the phenomenon of summation can explain the different effects obtained with these rates of 1 per two second and 20 per second interruptions.
Most observers believe the pressor response to be the "normal" and predominating response upon cutaneous sensory nerve stimulation and the depressor response unusual except upon alteration in the nerve tissue itself (14). Martin and Lacey claim that the depressor response is the natural response because the threshold is lower. My experiments throw no further light upon the subject than that the threshold may be the same for both pressor and depressor responses, depending upon the rate of stimulation.
If, however, the rate of stimulation is slow and uniform, then the threshold for the depressor response is the lower as observed by Martin and Lacey (7). Their claim (7) that depressor responses are not unusual, upon sensory nerve stimulation, is supported by these results.
1. The rate of stimulation modifies the responses obtained reflexly from the vasomotor mechanism, when the saphenous, peroneal, ulnar, radial, median and popliteal nerves are stimulated centrally.
2. These results confirm Martin and Lacey's conclusions that no d8erence in effect on blood pressure was observed when different sensory nerves were stimulated.
Radial, ulnar, median, peroneal, saphenous and popliteal nerves gave depressor responses upon stimulating with a weak, slowly interrupted current (4 per second). Pressor responses were obtained upon these same nerves with weak currents but the rate of interruption was increased from 4 to 20 per second.
3. Slow rates (1 per second or 1 per two seconds) of stimuli act favorably in bringing about depressor responses even when the strength of stimulus is 494 to 8891 2 units or 90 to 400 times the threshold stimulus.
4. In 45 serial readings made upon 16 cats under urethane anaesthesia, the average strength of current was found to be 10.2 Z units. One hundred per cent of the readings showed depressor effects with a rate of 4 stimuli per second and 73 per cent showed a pressor effect with a rate of 20 stimuli per second. .
With an average current of 82 Z units for 51 readings upon 21 cats, 96 per cent of the readings showed a fall in blood pressure with a rate of 4 stimuli per second and 79 per cent showed a rise in arterial pressure with a rate of 20 stimuli per second.
With a strong current 494 Z units for 56 readings upon 24 cats 98 per cent showed a fall in arterial pressure at 1 per second or 1 per two second stimulation.
Ninety-eight per cent of the readings showed a rise in blood pressure when the rate of stimulation was 20 stimuli per second.
5. Whether pressor or depressor responses are the Fnormal" results upon sensory stimulation depends upon the rate of stimulation and the strength of the stimulus.
The threshold for both may be the same if the rate is slow (4 per second) for depressor and rapid (20 per second) for pressor responses. 
